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Introduction

In the Standard Model, irreducible complex phase in Cabbibo-
Kobayashi-Maskawa (CKM) matrix cause the CP violation.
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Wolfenstein Parameterization

One of the unitarity condition of CKM:
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D®)x Time-dependent CP analysis

CFD decay
BO Vcb*vud f ” .
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CFD decay

Fig (a) CFD
Only tree level decays

P(B°—-DO*r7) = 1/(8tzg)e A0

P(BO—D™M1+) = 1/(81g0)e Mg

P(B*—DM*r) = 1/(8tg0)e A0

P(BO—DO %) = 1/(81p0)e A0

Q*= 2(=1D)" Ry, Sin(2B+y £ 5)
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Fig (b) DCSD
- Theoretically clean
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Rp 1S the ratio between amplitudes of the Doubly
Cabibbo-Suppressed Decay(DCSD) B°>—D™*x~ and

the Cabibbo-Favored Decay(CFD) B®—D"* x* detay.



D) TCPV w/ Full reconstruction

386M BB PRD73(2006)092003

(= * ) + # —
B_’?( n Full reconstruction analysis (S (D*r) = 0.050 = 0.029 = 0.013
D*+>D07, D* O < ST(D*w) = 0.028 = 0.028 = 0.013
L, K ST (D7) = 0.031 = 0.030 = 0.012
TTTT

K, Ksn,Knn®,Knn _ ST(D7) = 0.068 = 0.029 = 0.012
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will be up dated with full data sample
(x2 stat and hlgher reconstruction efficiency)



D™ TCPV Partial reconstruction

657M BB

4 Observed particles
B—D*n  Fastpion r;

|—> DOx  Slow pion
Ep.=Eg—E ¢
\ pD*: \/ ED*Z—mD*Z

~

J

arXiv:0809.3203

Partially reconstructed
momentum of D*

FARRY

2> < ﬁD*’ ! ‘I

pnf < :lz -
ETD* LB

Actual momentum of D*

05| is known, but the direction is unknown.

We must boost the rt; into the partially reconstructed D* frame.
—This causes the &, in the actual D* frame, to have a spread
In the partially reconstructed D* frame.

" Three variables are defined

opposite direction to ;.

-parallel and the transverse components of the p_. along the
_ *Strongly correlated to p. ¢ .

~

pjand p.
P5=IPe 1P+ )




Event selection and yield fit
P, oC Cosehelz o p, arXiv:0809.3203
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Signal D*m 50192 £286

)
D* 10232+150 | . )
D Signal purity = 59.0%0.4%
BG < | Correlated background 10425135
|
\l Uncorrelated background 14193+128 | Only lepton tag!

Resulting signal purity and BG fractions used in the CP fit.




D)t CP fit w/ Partial recon result
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Here =¥ is the fast pion,

* Is the tag-side lepton
...Same Flavour(SF)
*|+ ...Opposite Flavour(OF)

The lepton tag dramatically

reduces the ggbar BG

ST = +0.057 £0.019 £ 0.012
ST = +0.038 +£0.020 + 0.010

Systematic error source S+ S~

Az offset 0.002 0.003
Ry parameters 0.002 0.003
R 4ot parameters 0.002 0.002
Rnp parameters 0.008 0.007
Background parameters 0.002 0.003
Physics parameters 0.004 0.004
Yield fit 0.003 0.003
Resolution model 0.006 0.002

Az floated in background PDF 0.000 0.000

Total systematic error

0.012 0.010
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HFAG average
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Events / 0.02 GeV
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Rp,» limit with D*n?

657M BB PRL101(2008)041601
- 0 . 4 J_
CFD u DCS ¢ Rp+. = tanﬁc(j_ﬂ)\/B(BO Di_r+)
r _ D** Jp:/VB(B® — D"~ @)
W I W d L
. — . - —10-15% uncertainty in Rp«,,..
“p Bt b " r0) Max Baak (SLAC-R-858) 2007
d u u
(d) (d) + _, p*t -0
RD*”: T 2B(B EL )
g+ BB — D* " 7™)
. & Using D™ nf and isospin , can determine
="F Ry, With minimal theoretical uncertainty
2 Where 1,,/t5. = 1.07120.009
s and B(B°—D**1)=(2.76 +0.21) X 103
§ o |p "Il 1L B(B—D"10)=3.6 X 10-3(90% CL)
_—0.2 -0.1 0 0.1 02 %;2 52.;. 5.2-4 5—.';6 528 5.1
* e o) Rp=, < 0.051(90% C.L)
— signal continuum D*n
— total ----B—D™p~ 10




(New) Rp.. measurement with D¢

657M BB PRD81(2010)031101

Measuring the DCSD mode, B®—D™n, is not possible with
current data because of the background from B®—»D™n".
However, the corresponding background 1s absent for B—D¢*"n™ .

If we assumed SU(3) flavor symmetry, R IS given by.

./'Da) B(B — D7)
Rp-, = tanf :
D*7 1 C(/-D_ BB — D*~7")

§

A
("etand, =0.2314+0.0021

Inputs ...0.1s Cabbibo-angle
*B(B°—-D*"n*) = (2.76 £0.13) X 103 (PDG)
< offfo e, =1.16410.006+0.020
...meson form factor estimated the quenched
QCD approximation.
\_.*B(B°—>Ds"*r") ...this measurement




Events/ (0.02 GeV)

(New) Rp.. measurement with D¢

PRD81(2010)031101
1= The D.* is reconstructed in 3 decay modes:

(e Dgt—
E:] (K+K_)¢TC+, (K_TC+)K*O(892)K, (TC+TC_)K8K+
' D" reconstructed by D, combining y:

Simultaneous fit for three D,* decay modes
=Ts B(BO—D™ 1)

—,  =(1.75+034+0.17+0.11(B)x10° 6lc
BB DK
= (2.02+£0.33+0.18+0.13(B)) x 105 800
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3] [=]
T
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(=]
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: - :2
: SO R R Rp»= 1.58+0.15+0.10+0.03%
/"\ Signal /"\ Signal stat. syst. th. error
4. Crossfeed 4 Crossfeed  Most precise determination of Ry, so far!
< B—>DgK

- . . 12
. Combinatorial BG



New) Ry measurement with D¢

657M BB

B—Dg¢*

Events / (0.0025 GeV/c?)
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/7 NTotal -~ Charmless B BG
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M Crossfeed

arXiv:1007.4619
Accepted by PRD

D.* reconstructed by 3 decay modes:
(K'KT)y*s (K)o K, (TP 07)sK*

fD B(BO —7 DS T )
Rpr =tanf. ——

B(B’*—Dg*n")
_ =(1.99+0.26+0.18)x10° 800

B(B*—D'K")
=(1.91+0.24+0.17)x 105 920

Rp,=1.71+0.11£0.0910.02%
stat. syst. th. error

Most precise determination of Ry so far!
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Conclusions

» D*r partial reconstruction updated arXiv:0809.3203
a=—(S*+S)/2=-0.047 = 0.014 = 0.012
¢ =—(S*—S)/2=-0.009 =+ 0.014 = 0.012

—Update of the full reconstructed method with full

Belle data sample in progress. PRL101(2008)041601
* Ry« measurement with D™z
* Rpp,, measurement with Ds)n
&D*n: 1.58+0.151+0.10%0.03% PRD81(2010)031101
stat. syst. th. error
Rp,=1.7110.11+0.0910.02% arXiv:1007.34619

stat. syst. th. error

Most precise determination of Rp ),



Backup slides for partial recon.



CP side selection
dr < 0.1cm ( |dz| <2.0cm)
Reject lepton and kaon based PID info from fast pion candidate.
1.93GeV/c < p < 2.50GeV/c
0.05GeV/c < p_ <0.30GeV/c
0.00GeV/c < pL<0.06GeV/c
-0.60GeV/c < p; < 0.5GeV/c
-0.10GeV/c < P < 0.07GeV/c

Signal region

-0.40GeV/c < p; < 0.40GeV/c

-0.05GeV/c < P < -0.01GeV/c
0.01GeV/c < P < 0.04GeV/c

tag side selection

1.1GeV/c < p, < 2.3GeV/c
-0.75<c0s9d 4 In the c.m.S
R,<0.6



|sin(2¢p; + ¢5)| > 0.44(0.13)  at 68%(95%)CL
from the results for the D*7 mode and

|sin(2; + b3)| > 0.52(0.07) at 68%(95%)CL
| 3

17



Backup slides for D, 1



Backup

slide of Rp.. with D't

T

The third errors are from uncertainty
in the D.* decay branching ratio

R+, measurement with Dy

B—>D5*-K- PRDS81(2010)031101

1= D/ reconstructed by 3 decay modes:
Ds—

FL F(a)

AT

BB’ — Dt~

Rp, = lan()c(;g )J

B(B" — D* 7™

02 <01 [

[ Rp.,=1.584+0.15£0

We have assumed A\ Signal____/ 2\ Sigaal \ e s\t
— =T A Crossfeed M Crossfeed  Most precise determination of Ry« so far!
fDS /f - fD*S/fD* B—DgK
~* Combinatorial Bu

The quenched QCD apprOX|mat|on(heavy guark effective theory)

predicts the uncertainty of the assumption 1%

19



Br(B—D¢ ) significance and systematic err.

BY mode DT mode e (%) Nsig B(10™°) S (o)
HKTK )nt 15.2 32+8 1.58 =0.40 £ 0.24 3.2
B . Do K* (892)0(11'_ﬁ+)11'+ 7.9 29 + 10 2.30£0.76 £0.35 2.6
s K2K* 8.0 13£7 1.78 £0.92 £0.11 2.2
Simultaneous - - 1.75 = 0.33 £0.11 6.6
H(KTK )ot 13.4 33+8 1.81 £0.41 £0.27 3.2
B Kt K* (SQQ)D(I{_?TJF)K“L 6.4 237 2.22 4+ 0.66 £0.34 2.8
s KK+ 6.9 14+5 2.14 +=0.80+0.13 3.1
Simultaneous - - 2.02+033+0.13 8.6

Source Contribution(%)

Difr~ DK~

D! branching fraction uncertainties

signal 5.9 6.2
peaking background 1.5 1.9
Total (B) 6.1 6.5
Tracking efficiency 4.0 4.0
Photon detection efficiency 7.0 7.0
Particle identification efficiency 2.4 2.1
K? efficiency 1.1 1.1
LR 0.6 0.5
Ngg 1.4 1.4
MC statistics 1.4 1.6
PDF shape 3.4 1.5
Fit bias 0.9 0.3

20
Total (other) 9.4 8.8




W-exchange contribution
W DS_ ° }

Y

Potential contributions arising from rescattering
D_ - . .
* effects could enhance its branching fraction.
Recent studies, however, find the rescattering

W
|k

i . ~ contribution to be negligible.
(d)
b ) 1 ‘ D
d
in N B(BO —>DS*_K+)
d } _ Tz (2.02i_0.33i0.18i0.13(13))><10‘5
(e) B(B°—>DS+K‘)
- ) NG = (1.91+0.24+0.17) x 10
d
d o
> N\ The measured values can be understood

(f) in terms of a pure W-exchange contribution,
which is in agreement with both
measurement.



Backup slides for D



Backup slide of Ry with D

new) R, measurement with Dgn

657M BB arX1v:1007.4619
B—Ds'r Accepted PRD
s* - D, reconstructed by 3 decay modes:
Em N U KK ), (K )ksosonK, (m)ksK™
I o A VIRRR b [B(BO— Dfr-)
; Fgs Froasenr ] Geay  — tan . o | s ]
.[E:.m.ns_'ﬁ:;n.g'sulfj o150z 192 1.91l:.9-|55‘1§§:| z a0z D tan o Io. V B(BY — D—x%)
. B=DgK" ®
fw | e Ful | B(B'—Dn)
: fx) _ =(1.99+0.26%0.18)x 107  8.0c
Accounts for the theory uncertainty 'f B(B' DK

r” i n
s 97 194 1.96 198
M, (GaWic’)

in the fy/fys estimation. =(1.91+0.24+0.17)x 105 920

—
20
/NTotal -~ Charmless B BG 0.02%
/N\Signal -~ Combinatorial BG X th. Jemor

_ p - S~—
A Crossfeed Most precise determinatioiof Ry, so far!

Uncertainty due to other possible SU(3) breaking effect

are not included in the theory error .



Br(B—Dgm) significance and systematic err.

B mode D7 mode e (%) Nsig Nchmls B(107?)
H(KTK )n™T 21.64 64+ 10 0+38 2.08 +0.34
By Dt KK 7#HK*T 11.18  33+9 —7417 1.71 £ 0.49
: KIK™ 15.70 24 49 —4+13 2.21 +0.83
Simultaneous fit result 1.99 =0.26 =0.18
(_;)(ISL’J“K_}?T“L 21.96 61 +10 14 + 10 1.97 +0.31
=0 o KK 7#T)K*t 11.11 30+ 9 27 + 14 2.04 + 0.47
B = Dok KQIE* J 1489 19+11 31412 1.20 + 0.68

Simultaneous fit result 1.91 =0.24 +=0.17

TABLE II: Summary of the systematic uncertainty.

Source Systematic contribution (%) to
B(BY — Din™) B(B’ — DIK™)
DT branching fraction +6.59, —6.51 +6.31, —6.14
PDF shape +1.44, —1.79 +1.28, —1.33
MC statistics +0.39, —0.48 +0.46, —0.45
Kg reconstruction +0.45, —0.40 +0.63
PID efficiency +2.78 +3.06
Tracking efficiency +4.00 +4.00
Error on Ngg +1.40 +1.40
Requirements on R +1.60 +1.60
Fit bias +3.42 +2.09

Total

+9.26, —9.27

+8.74, —8.62
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KEKB at KEK

w 8GeVeand35GeVe"
@LKB __avi ’ +11mrad crossing
ey b B S A , on resonance of Y(4S)~10.58GeV

= Y(4S) : qg(continuum)= 1:3
& Br(Y(4S) —BB)>96%

<] kmin didmeters- - :

Lpeak =2.1x 10 sec lecm™
>Twice of the design Luminosity !

Producing enormous BB pairs copiously — A¢= AZ/(BYC)
— B-factory

25


http://kekb.jp/

(fb™"
2000 —

1500

1000

200

1998/1 2000/1 2002/1

Luminosity at B factories

)
—KEKB I
/_/-"’ 30 June 20101
e 7 April 2008

) i

>1 ab™*
On resonance:
Y(5S): 121 b
Y(4S): 711 b
Y(3S): 3fb*
Y(2S): 24 fb™
Y(1S): 6 fb~*
Off reson./scan:

~100 fb!

~ 550 fb!

On resonance:
Y(4S): 433 fb~!

| Y(3S):30 b
1 Y(2S):14 b !
1 Off resonance:

~54 fb!

200471 2006/1 200871 201071 2012/1
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Belle Detector

Aerogel Cherenkov cnt.
n=1.015~1.030
/Tt separation

SC solenoid
1.5T

Csl(TI) 16X,

NN : -
TOF counter 4 L >

Si vtx. det - n / K, detection
4 lyr. DSSD 14/15 lyr. RPC+Fe

27



D) TCPV for sin(2¢,+¢,)

1-5 LI

input
r =[1.81 *2% (stat)=0.09(syst) +0.10(th)]%
PRD78,032005

Assuming SU(3) flavor symmetry*

0.5

1.0 -0.5 0.0 0.5 1.0 15 2.0

28



1-CL
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0.6

0.4

0.2

0.0

ﬁqgl - D(*) K(*) GLW + ADS

Beauty 09 === D(*) K(*) GGSZ

] Combined
— CKM fit

0, (deg)
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Comparison with LHCb

SuperKEKB at 5 ab?
— T ™1

AS(pKs)

AS(K'K Ks)
AS(M’Ks)
AS(KsKsKs)
AS(n°Ks)
sin2y(Bs — J-“}“t')

S(K 01{)

BriB — Xsy)
ApB— \s“{)
Coyw/ Amll\ 1'T)

Cw W/ Ag(K l 1)
Br(Bs — L1

Br(B* — K*vv)

Br(B' — D1v)
Br(8° = D1v)
sin2¢,

¢,(r isospin)
9,(pm)
,(DK'™)
¢,(Bs — KK)

M
=
-
=

¢,(Bs — DsK)

IV,

| . I'+II

0.5

03 01 01 03

SuperKEKB at 50 ab™*
— T 1

AS(pKs)
AS(K'K'Ks)
AS(M’Ks)
AS(KsKsKs)
AS(1°Ks)
2y(Bs — J-“}“t')

S(K 01{)

Br(B — Xsvy)

ApB— \s“{)

, W/ Amlh 1'T)

y W AR(K l 1)
BrlBs — )

Ir(BY = K*vw)
Br(B" — D1v)
Br(B” = D1v)
sin2g,

(,(mx Isospin)
9,(pm)
¢0,(DK™)
¢,(Bs — KK)

..:.;.:...}.;..} H'H FFres-

¢4(Bs — DsK)

IV,

I.Il-é-'l.l

0.5

03 01 01 03

LHCb (0.002 ab™)
| 7 I H | T |

AS(dKs)
AS(K'K'Ks)

——

no info

AS(1Ks)
AS(KsKsKs)

AS(1"Ks)

iin2y(Bs — ,]h}r¢)
S(K 1{}

Br(B — Xsy)

ApB— \-sv}
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